Proton beam therapy, at least in theory, irradiates tumors while leaving adjacent healthy tissues unscathed. Conventional x-rays, by contrast, are much less precise and often damage healthy as well as cancerous tissue, said Thomas Kroc, Ph.D., head of the Accelerator Division of the Neutron Therapy Facility at Fermilab in Batavia, Ill.
Protons deposit less energy during their passage through the body, Kroc ex plained. "They have a defi nite range, and as they get to that distance, they deposit the major portion of their energy at that particular spot. So, for example, if you were to take a cross-sectional slice of the body from a computed tomography scanner and superimpose on it computer simulations of how the energy will be deposited by these beams, you see that with proton therapy, you can get very precise geometric distribution of the dose, and much less dose to the surrounding healthy tissue, than with [conventional radiation]. And that ' s the main attraction of proton beam therapy."
That is the key to successful radiation therapy: delivering a dose suffi cient to kill the tumor while sparing the surrounding healthy tissue, added Jerry D. Slater, M.D. , chairman of the department of radiation medicine at Loma Linda University Medical Center in Loma Linda, Calif., home of the nation ' s fi rst hospital-based proton therapy facility. "With x-rays, you can control only the size and shape of the dose. With protons, you can control the beam in the third dimension, as it goes into the patient, so you can control where it gives off the maximum amount of radiation, and you can stop it in the patient within a matter of a few millimeters. So it allows you to miss more normal tissue and, in some situations, to increase the dose to try and improve the cure rate."
In fact, said Slater, the cure rate associated with proton therapy sometimes exceeds that of conventional radiation, and the technology is always improving. "Even though we ' ve been using this treatment for 20 years, we ' ve made dramatic changes in how we deliver proton therapy. We ' ve expanded what we ' ve been able to do and are learning, through new technology, how to treat some cancers that we couldn ' t treat this way 10 years ago. So it ' s kind of an evolving technology." However, randomized trials have not yet compared proton beam therapy and conventional radiation therapy.
So far, proton therapy has come closest to fulfi lling its promise in the treatment of childhood cancers and in cancers located in hard-to-reach parts of the body. "We think the people who are most likely to benefi t will be young children, adolescents, and young adults with cancer, who have a very good chance of being cured and living into adulthood and having a long life, but who are very sensitive to the long-term effects of radiation because their organs are still developing," said Robert L. 
N E W S
Proton treatments are effective against many types of cancer, so it is appropriate for Medicare to pay for them, Tepper added. "The harder question is, should they be reimbursed at a greater rate than for x-rays? In other words, if it ' s not shown that protons are better than x-rays, should society pay more to use something that ' s not clearly any better?" "People have been saying that for 20 years, so it ' s nothing new," Slater responded when asked about claims that few good data support the use of proton beam therapy. "You have to work your way through phase I and phase II studies before you get to phase III. The science of what protons can do is, I think, very well understood. The question that really needs to be answered is, how do we best optimize it?"
The Longer View
In Foote ' s opinion, long-term data exist to show that proton beam therapy is costeffective. He cited a study by Jonas Lundkvist and colleagues at the Karolinska Institute in Stockholm, which used a Markov simulation model to calculate the potential benefi ts of proton therapy for children with medulloblastoma. They determined that initially, proton beam therapy would be more than twice as costly as conventional x-ray therapy, but over time, the adverse effects of conventional radiation, such as growth hormone defi ciency and reduction in IQ, would be far greater in economic as well as human termsat least according to the statistical model. These authors obtained similar fi ndings in a study of breast cancer in women. Conventional radiation is associated with a high initial breast cancer cure rate, but after about 15 years, patients have an increased risk of esophageal cancers, heart disease, lung disease, and cancers in the other breast, Foote explained. The Swedish investigators asked whether preventing only the heart disease that the radiation caused would help offset the initial cost of proton beam therapy. Their fi ndings: "The more risk factors a woman had, such as diabetes, hypertension, or a history of smoking, the more cost-effective it became to use protons in their model because of the lower dose to the heart and the lungs and the esophagus and the opposite breast. Had they accounted for the harm caused to the lungs and the radiation-induced cancers [associated with conventional radiation], that would have made it appear even more cost-effective to use proton beam therapy."
He believes such fi ndings help justify the enormous costs associated with proton treatment. "We need to take into account not only the initial costs but also the costs associated throughout the patient ' s lifetime in treating the cancer if it recurs, or with treating the side effects and complications related to radiation therapy. These patients have an excellent chance of being cured and living a long time, so we think the initial up-front costs will pay dividends over their lifetime."
